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A systematic analysis of land use/cover change is so decisive to exactly under-
stand the extent of change and take essential measures to curb down the rate 
of changes and protect the land cover resources sustainably. This land 
use/land cover change study was conducted in Agarfa district of Bale zone, 
Oromia Regional State, Southeastern Ethiopia. The objectives of this study 
were to evaluate the trends, drivers and its socio-economic and environmen-
tal implication in study area. A descriptive research method was employed to 
achieve the intended objectives of the study. In the three years (1976, 1995, 
and 2014) Landsat Satellite images and socio-economic survey were the main 
data sources for this study. ERDAS Imagine and Arch-GIS tools were used to 
classify and generate land use/land cover maps of the study area. Survey ques-
tionnaires, key informant interviews, and field observation were employed to 
obtain information on drivers and its socio-economic and environmental im-
plication in the district. The results show that the land use/land cover of the 
study area had changed dramatically during the period of 38 years. A rapid 
loss of forest land and shrub land cover in the landscape took place between 
1976 and 2014. Conversely, agriculture and grazing lands were increased by 
30% and 42% respectively at the expense of the lost land use/land cover types. 
Forest land is the most converted cover type during the entire study period. In 
the 38 years, forest lands diminished by over 65% of the original forest cover 
that was existed at the base year (1976). Local climate change, declining agri-
cultural productivity and livestock quantity and quality and scarcity of fuel 
wood and constructional materials were some of the socio-economic and live-
lihood impacts of land use and land cover change of the study area. Thus, this 
finding affords information to land users and policy makers on extent of the 
change and social forces leading to this changes and its subsequent implica-
tion on local socio-economic and environmental conditions of the study area. 
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1. Introduction 
Land use/cover change is a dynamic, wide-spread and fast-tracking process 
caused by natural phenomena and exacerbated by human actions, which in turn 
drives changes that would influence humans. Land use/cover conversions to 
farmland, and settlement and to urban development reduce the extent of lands 
accessible for food and timber production. Soil erosion, salinization, desertifica-
tion and other soil degradations allied with intensive agriculture and deforesta-
tion decrease the quality of land resources and future agricultural productivity 
[1]. 
Land use alteration trends in many developing countries are both tremend-
ously swift and the direction of changes and rates are influx. Africa is said to 
have the fastest deforestation in the world as a result of dependence on the pri-
mary resources [2]. Increasing population pressure across Sub-Saharan Africa 
has been responsible to increase in cultivation and grazing intensity [3]. This has 
attributed to huge deforestation and conversion of natural habitats to farmlands 
and settlements with consequences on biodiversity and land degradation. Land 
use in East Africa has changed rapidly over the last half century: expansion of 
mixed crop-livestock systems in to former grazing land and other natural areas 
and intensification of agriculture are the two largest changes that have been no-
ticed [4]. 
Ethiopia is a country characterized by rapid environmental changes and mod-
ifications accredited to different adverse human actions, like expansion of farm 
plots at the expense of vegetated lands, substantial fuel wood and charcoal pro-
duction, overgrazing and encroachment of farmlands into vegetated lands. Like 
other parts of the country, the Bale Mountains Eco-region has been affected by 
human activities such as deforestation, overgrazing, illegal logging and hunting 
[5]. Residents in the eco-region engage in deforestation to acquire land for crop 
production, for livestock grazing and to fulfill their demand of timber and fire 
wood. For example, deforestation rate in the Bale Mountains ranged from 1% to 
8%, between 1986 and 2009 with an average rate of 3.7% per annum [6]. This 
deforestation rate is about four times the 1% country-wide forest loss [7]. This 
implies that forest in the Bale Eco-region is shrinking at an alarming rate. 
A study in the other parts of the Bale Mountains such as Herenna catchment 
showed a significant decline in dense forest cover from 26.8% to 6.2% and agri-
cultural land increased from 11.1% to 17.7% [8]. It is also estimated that the 
montane forest which comprises more than 40% of the total area of BMNP has 
been lost at an average annual rate of 3.74 km2 between 1973 and 2005 [9]. Ac-
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cording to [10] between 1973 and 2008 a total of 26.65% of the original area of 
Afromontane grasslands, a total of 15.41% of upper montane forest, and a total 
of 14.58% of Afromontane dwarf shrubs and herbaceous formations were con-
verted to agricultural lands and hence, agricultural fields increased from 1.71% 
to 9.34%. 
Most of these studies focused on the assessment of biophysical (trends and 
extent) condition of LULCC over time using remote sensing data and expert 
opinion. However, these studies missed to integrate socio-economic survey to 
better understand the causes and impacts of the change. 
Analysis of land use/land cover change at a local scale is vital to comprehend 
about the complex relationships between environmental, economic and social 
drivers that induce changes and the likely impacts at local level. Moreover, a 
systematic analysis of land use/cover change is so decisive to exactly understand 
the extent of change and take essential measures to curb down the rate of 
changes and protect the land cover resources sustainably [11]. In the study area, 
there are observable land cover change problems which include widespread de-
forestation for several different purposes such as, encroachment of agriculture 
and settlements into forest areas, charcoal and construction materials produc-
tion and severe soil erosion along hilly slopes. However, there are scarce local 
scale land use/cover change studies in southeastern Ethiopia in general and 
Agarfa district in particular. As the study area borders BMNP which is one of the 
world’s hotspot areas that harbors variety of endemic animal and plant species, 
evaluation of the impacts of land use/cover change on these local ecosystem and 
livelihoods in this area is relevant and timely. Moreover, information on land 
use/cover change and its possibilities for ideal use is essential for the selection, 
planning and implementation of land use schemes to meet the increasing de-
mands of basic human needs and wellbeing. Thus, the study evaluated the spa-
tio-temporal pattern changes of land use/land cover with associated causes of al-
teration in the study area. This information also assists in monitoring the 
changes in land use resulting from changing demands of increasing human pop-
ulation [12]. 
The main objective of this study is to evaluate the spatio-temporal changes of 
land use/land cover over the four decades (1976-2014) in Agarfa District. 
Specific objectives of this study were: 
1) To classify and quantify the land use/land cover changes in the study area. 
2) To identify the major driving forces of the land use/land cover changes. 
3) To assess socio-economic implications of the observed land use/land cover 
changes. 
2. Materials and Methods 
Agarfa district is found in the Bale Administrative Zone of Oromia Regional 
State, in Southeastern part of Ethiopia. It lies between 7˚8'N to 7˚28'N latitude 
and 39˚31'E to 40˚5'E longitude (Figure 1). Its surface area is about 1216.34 km2 
(Figure 1). 
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Figure 1. Location map of the study area. 
 
The elevation of Agarfadistrict ranges from 1400 m to 3800 m above mean sea 
level (a.m.s.l). About 61% of the district is plain with slope ranging from 0 to 8 
degrees and the majority of this area lies in the southeastern and western parts of 
the study area. Wabeshabelle river gorges and related rugged terrains make 
about 31% of the district. Mountain ranges comprise about 8% of the district 
which lies along southwestern corridor of the district that borders Bale Mountains 
National Park [13]. The district is drained by Wabeshebelle tributaries, Weybrive-
rand other perennial rivers that drain the district are Wuchima, Makkalla, Fawwa, 
Tugumma. Agarfa district falls within three traditional agro-climatic zones, ver-
nacularly termed as Gamoji (hot), Bada-dare (temperate), and Bada (cold). Mean 
maximum and mean minimum temperatures are 25˚C and 10˚C respectively. 
The amount of maximum and minimum rainfall received in the area ranges be-
tween 1200 mm and 400 mm, respectively. The dominant soil types in the dis-
trict include: vertisols, cambisols, luvisols and lithosols that are derived from ter-
tiary volcanic rocks [13]. The common natural vegetation types in the district 
comprise of juniper and podocarpus trees, bamboos, scattered woods, shrubs 
and bushes along relatively lower altitudes. The district is also endowed with va-
rieties of wild lives which include Bush back, monkey, Columbus monkey, hye-
na, jackal, apes, different species of birds, and varieties of reptiles and amphi-
bians. 
About 87.36% of the population lives in rural areas whose livelihood is pre-
dominantly dependent on rain-fed, subsistence agriculture along with rearing of 
livestock. The major crops produced are barley, wheat and teff, maize, beans, 
and peas. The crops which are produced in the drier, low land areas are mainly 
maize, sorghum, and teff [14]. 
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2.1. Data Sources 
The three years satellite images were used to scrutinize the spatio-temporal 
changes in land use/land cover in the study area (Table 1). Landsat satellite im-
ages of Agarfa district, the Landsat MSS for the time period 1976 was obtained 
from Global Land Cover Facility (GLCF), while Landsat TM7 and Landsat 
ETM+8 for the periods 1995 and 2014, respectively were acquired from USGS 
Global Visualization Viewer an Earth Resources Observation and Science Center 
(EROS). Apart from satellite images, field observation and questionnaire were 
conducted. Other secondary sources of data such as topo sheet of the study area, 
district annual reports, and other published and unpublished materials were 
consulted. 
2.2. Data Processing Procedures 
Base map of the study area was prepared from the topographic map on 1:50,000 
scale. Various permanent features like roads, rivers or any other land based fea-
tures were transferred to the base map. The administrative district boundary 
map was brought to Universal Transverse Mercator (UTM) project in zone 37 
and later the satellite imageries were clipped with the administrative boundary of 
Agarfa. Thereafter, preliminary interpretation of satellite data was carried out 
and a preliminary interpretation key was prepared. The preliminary interpreted 
maps thus prepared were taken to field for ground checking. Initially three dates 
(1976, 1995, and 2014) satellite imageries were downloaded from their respective 
sources. To conform the pixel grids and remove any geometric distortions in the 
imagery, the first Landsat MSS of 1976 image was registered and geo-referenced 
to the WGS_1984_UTM_Zone 37 coordinate system based on 1:50,000 scale to-
pographic maps. Then, each of the Landsat TM of 1995 and ETM+ of 2014 im-
ages were registered to the 1976 image using image to image rectification tech-
nique. Then, image enhancement was undertaken in order to enhance the quali-
ty of the image and readability of the features. 
The preparation of thematic maps from the digital satellite data was carried 
out by using ERDAS Imagine ver. 2014 and ArcGIS ver. 10.3 software and plat-
forms. Then field visit to site was carried out to obtain ground control points 
using GPS for ground truth data collection. 
2.2.1. Image Classification 
Classification is the hypothetical representation of a real life situation using easily de-
fined and well delineated criteria. Classification schemes are usually hierarchically 
organized into numerous levels with various degrees of details and have certain 
criteria to differentiate land cover categorization from one another [15]. 
According to [16], more common land use/land cover classification schemes 
are: Anderson, national land cover data and FAO land cover classification sys-
tems. Consequently, for this study, FAO land cover classification system in Ta-
ble 2 was employed for classifying and setting land use/land cover types of the 
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study area. 
supervised classification method was used with maximum likelihood classifier 
decision rule assisted by ground control points (GCPs) collected during field 
surveys for the latter two periods of images while the researcher’s prior know-
ledge and different physical features patterns recognition system was used for 
the former one(2014). Figure 2 shows spatial distribution of GCPs draped over 
Google Earth. In this study, a total of 60 ground truth points collected during the 
field survey were used for the classification (30) and validation (30) of 2014 im-
age. For the classification and validation of image in 1976 and 1995 periods, 
aerial photographs of 1957 and 1982 were used to generate random points of 200 
and 232, respectively, and half these were used for training classification while 
the remaining half were used for the accuracy assessment. A representation of 
the regions of interest known as the training sites were digitized giving them 
different IDs and unique colours. 
Training areas for all spectral classes were developed by composing each in-
formation class to be identified by the classifier. Since there was more than one  
 
Table 1. Satellite data. 
Satellite & Sensors Path/Row Resolution Acquisition Date Data type & Bands 
Landsat ETM+8 167 & 168/055 30 m 11 Jan & 20 Dec 2014 Digital (1, 2, 3, ∙∙∙, 9) 
Landsat TM7 167 & 168/055 30 m 14 & 27 Jan 1995 Digital (1, 2, 3, 4, 5, 7) 
Landsat MSS 180/055 60 m 24 Jan 1976 Digital (4, 5, 6, 7) 
 
Table 2. Description of the land use/land cover categories. 
Land use/cover types Land use/cover description 
Agriculture (crop land) 
Areas of land under cultivation and rural settlements with some woods 
around homesteads and in farm lands. 
Forest land 
Areas of land covered by trees predominantly forming closed or nearly 
closed canopies. Land dominated by trees > 5 m. 
Shrub land 
Land area covered by small trees, bushes or shrubs in some areas 
mixed with grasses. 
Grazing land 
Areas of land where grasses are the dominant natural vegetation 
usually used for grazing. 
Wet land Areas of land covered by perennial and intermittent water bodies. 
 
 
Figure 2. GCPs collected by the researcher during the field survey. 
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spectrally different signature found for each information class. For example, an 
information class such as cultivated land contains several crop types, active 
agriculture and inactive agriculture areas, and each of them must be represented 
by several spectral classes. The researcher used more than thirty training samples 
for each classification. A recode function was used to merge spectrally different 
classes to generate final information classes. Landsat multispectral bands, except 
the thermal band, were used to identify the classes. 
The post-classification approach was used for mapping detailed LULC deter-
mination. This approach is generally considered the most obvious approach to 
change detection [17]. It requires the comparison of independently classified 
images of the same study area acquired over two different time periods [18]. By 
properly coding the classification results for times 1976, 1995 and 2014, the 
analysis were produced a change map showing a complete matrix of changes 
(e.g. change from wetland to cultivated land and grassland to forest). Three land 
use/cover maps from 1976, 1995 and 2014 were produced using the ENVI 4.3 
software. 
2.2.2. Accuracy Assessment of Supervised Classification 
Accuracy assessment is a procedure that compares a classified map against ref-
erence data or facts from the field to evaluate how well the classification represents 
the real world phenomena. An interpretation is then made of how closely the 
newly produced map from the remotely-sensed data matches the reference 
(base) map. For this purpose, the ground control points (GCPs) collected from 
field survey were superimposed to the classified maps and used to compare the 
value of facts from the field with the value of the classified map. This compari-
son produces error matrix which is the basis of accuracy assessment process 
(Table 3). 
2.2.3. Results of Accuracy Assessment 
Classified LULC maps from remotely sensed images may contain various types 
of errors. The confusion matrix presented in Table 3 shows the overall classifi-
cation accuracies and accuracies of the single land-use/land cover classes. 
The standard method of Confusion Matrix was used to assess classification 
accuracy for each image date by comparing classification results with ground 
truth region of interest (ROIs). The methods of accuracy assessment used in-
cluded the Kappa statistic and Google Earth. The Kappa statistic is a statistical 
method of assessing the accuracy that took into account the chance of random 
agreement. Accordingly, the Kappa statistic average accuracy of classification 
was 78%, 80% and 93% for 1976, 1995 and 2014 images respectively (Table 3). 
The result falls within the range of very good to excellent [19]. 
2.3. Socio-Economic Data Collection Method 
Qualitative and quantitative data were collected by employing survey question-
naires, key informant interviews, and field observation to obtain reliable results.  
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1) 1976 (Landsat MSS) 
 
Data 1 2 3 4 5 Total 
Classified 
Map 
1 94 5 2 0 0 101 83 93 
2 6 113 4 0 0 123 93 92 
3 10 4 80 2 0 96 88 83 
4 3 0 5 53 0 61 96 87 
5 0 0 0 0 14 14 100 100 
Total 113 122 91 55 14 395   
Overall Accuracy 89%, Kappa Statistic 0.85  
2) 1995 (Landsat TM7)  
1 100 3 2 7 0 112 81 89 
2 6 91 7 3 0 107 93 85 
3 10 4 97 2 0 113 84 86 
4 7 0 9 103 0 119 90 87 
5 0 0 0 0 19 19 100 100 
Total 123 98 115 115 19 470   
Overall Accuracy 87%, Kappa Statistic 0.82  
3) 2014 (Landsat ETM+8)  
1 94 3 2 7 0 106 80 89 
2 6 100 7 3 0 116 93 86 
3 10 4 91 2 0 107 83 85 
4 7 0 9 77 0 93 87 83 
5 0 0 0 0 24 22 100 100 
Total 117 107 109 89 22 446   
Overall Accuracy 86%, Kappa Statistic 0.81  
 
Accordingly, socio-economic survey was conducted to collect data on causes and 
impacts of land use and land cover change. For this purpose five representative 
peasant administrations (PAs) were selected from the three agro-ecologies for 
household heads sample selection. From selected PAs, a total of 120 household 
heads were selected using random sampling techniques. Survey questionnaires 
were prepared in local language (Afan Oromo) for the interview and then trans-
lated into English for analysis. In addition to this, key informant interview was 
conducted along with field observation to obtain additional information on the 
long year experience of land use/land cover change deriving practices in the dis-
trict. The collected household survey data was concerned with the current so-
cio-economic activities of the study area whereas data collected from the elders 
concerned with trends, causes and effects of land use/land cover change that 
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traced back to 1976 and 1995 and linked to the current existing situation. 
2.4. Data Analysis 
To analyze quantitative data of satellite imagery, ERDAS Imagine version 2014 
and ArchGIS version 10.3 softwares were employed. Accordingly, the major land 
use/land cover classes for the three study periods were classified using ERDAS 
Imagine version 2014 and separately mapped using ArchGIS version 10.3 soft-
wares and then, areal coverage of the major land use/land cover types for each 
mapping period were calculated both in hectares and percentages. The compar-
ison between values of the LULC types was carried out toidentify the percentage 
change, trend and rate of change between the entire study periods, i.e. 1976 and 
2014. The collected socio-economic data were analyzed both qualitatively and 
quantitatively. Quantitative socio-economic data were analyzed by SPSS version 
16 software. Field observation and qualitative socio-economic data were ana-
lyzed qualitatively. And the results were compared with the major land use/land 
cover change maps generated for the three study periods. 
3. Results and Discussions 
3.1. Land Use Land Cover Results 
Grazing land, agriculture, forest land, shrub and wet lands were the five major 
LULC classes generated from the three study periods of satellite data. Table 4 
shows the status of the major land use/land cover types in the three periods un-
der consideration. 
The classification result of the 1976 image (Figure 6) showed that cultivated 
land constituted the largest proportion of land in the district with a value of 
45%, followed by forestland which accounts for 24%. Grazing land and shrub 
land constituted 14% and 15% respectively. The remaining constituent of the study 
area, perhaps the least, is wetland with a value of 2% (Figure 3). The result shows 
that during the year 1995, the cultivated and grazing lands were proportionally 
 
Table 4. Land use land cover change in 1976, 1995 and 2014 in Agarfadistric, Oromia. 
LULC Categories 
Absolute Area cover (km2) Cover changes between period (%)* 
1976 1995 2014 1976-1995 1995-2014 1976-2014 
Grazing land 173.09 239.03 246.11 38 3 42 
Agriculture 547.01 608.07 712.03 11 17 30 
Forest land 294.21 147.02 103.06 −50 −30 −65 
Shrub land 179.02 200.02 135.04 12 −32 −25 
Wet land 23.01 22.20 20.10 −4 −9 −13 
Total 1216.34 1216.34 1216.34    





) × 100 where fA  is Area of final year and iA  
is Area of initial year.  
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increased to 50% and 20%, respectively (Figure 4). To the contrary, the coverage 
of forest and wet lands was diminished to 12% and 2%, in that order. Shrub land 
was exceptionally increased to 16% most likely due to gain from some of the 
forest land conversion to it. Land-use land-cover classification map is presented 
in Figure 3 which indicates that in year 2000 a shrub land accounts for 30% of a 
total area of the District. It was the largest proportion of land cover in year 2000. 
Farmland occupies the second place with 23% while the woodland comprises 
about 22%. The forest class consisted 19% of the total area and followed by the 
bare-land and settlement which account for a proportion of 4% and 2%, respec-
tively (Table 5). 
In the later period of the study, in 2014, the cultivated land is still the domi-
nant class with areal coverage of 59% of the landscape. Similarly, grassland kept 
on increasing and reached 20% during this period (Figure 5). Contrastingly, the 
forest coverage was decreased to 8% while shrub and wet lands were respectively 
 
 
Figure 3. Graphical representation of LULC class proportion in the 1976. 
 
 
Figure 4. Graphical representation of LULC class proportion in the 1995. 
 
 
Figure 5. Graphical representation of LULC classes for the study year 2014. 
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become only 11% and 2% of the district’s coverage due to anthropogenic activi-
ties and climate change. 
The area once covered by shrub land was overwhelmed by grazing lands during 
2014 compared to that of the 1995. There were also big shifts in spatial extent of 
grazing land to the southwestern part of the district encroaching to forest land. 
In general, the result shows that the LULC of the study area had changed sig-
nificantly during the period of 38 years (Figures 6-8). A rapid loss of forest land 
and shrub land cover in the landscape took place between 1976 and 2014. Dur-
ing the course of 38-years, the proportion of grazing land and the area of culti-
vated land have increased (Table 3). Although wet land area still covered a small 
proportion of the landscape in 2014, its proportion is declining due to climate 
changes most likely. The increase in cultivated land cover was large during the 
time period between 1995 and 2014 compared to the earlier time period between 
1976 and 1995, whereas forest land and shrub land in contrast saw declines in 
the later period. Wet land decreased moderately, whereas shrub and forest lands 
cover showed drastic change during the 38-year period. Although it recovered 
between 1976 and 2014, grazing land cover was reduced in the later period, 
1976-1995 (Table 3). Shrub land increased between 1976 and 1995, but then de-
clined between 1995 and 2014 (Table 3). Figure 6 show the classified land use/land 
cover maps of the study area during 1976. 
3.2. LULC Change Evaluation 
Change detection is an important aspect to determine what is actually changing 
to what. That is, which land use/land cover classes were changing into which  
 
 
Figure 6. LULC maps for the years 1976 of the study area. 
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Figure 7. LULC maps for the years 1995 of the study area. 
 
 
Figure 8. LULC maps for the years 2014 of the study area. 
 
other classes? This information reveals both changes (increment and decrement) 
and persistence to change overtime. Such kind of information is of vital impor-
tance for decisions makers at many levels for natural resources management 
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[20]. The land-use/land cover changes between the three periods (i.e. 1976, 1995 
and 2014) were quantified and a change detection matrix of “from-to” change 
was derived to show land cover class conversion transitions during the 38-year 
period by overlaying the 1976 and 2014 images. After assigning integer values 
for each land use/land cover class as 1 = Grazing land, 2 = Agriculture, 3 = For-
est land, 4 = Shrub land and 5 = Wet land, cross tabulation was employed to de-
termine magnitude of conversions from a given land cover to another category 
at the later date [21]. This is called the transition probability matrix which shows 
net change and net change-to-persistence ratio [20] giving an impression to the 
resistance and vulnerability of a given land-use/land cover type. The transition 
probability matrix records the probability that each land cover category will 
change to the other category. This matrix is produced by the multiplication of 
each column in the transition probability matrix by the number of cells of cor-
responding LULC in the later image. For the 5 by 5 matrix table presented be-
low, the rows represent the older land cover categories (1976) and the column 
represents the newer categories (2014) (Table 5 and Figure 9). 
The “from-to” analysis result shows that the forest land and shrub land in the 
 
Table 5. Transition matrix showing major changes in the landscape in Agarfa, 1976-2014. 
 
To final state (2014) 
Grazing Agriculture Forest Shrub Wetland Total 1976 Loss 
From initial state (1976) 
Grazing 0.73 0.46 0 0.22 0.05 1.46 0.73 
Agriculture 0.09 0.89 0 0.05 0 1.03 0.14 
Forest 0.23 0.87 0.08 0.74 0 1.92 1.84 
Shrub 0.73 0.89 0 0.09 0.32 2.03 1.94 
Wet land 0 0.07 0 0.04 0.34 0.45 0.11 
Total 2014 1.78 3.18 0.08 1.14 0.71 2.131  
Gain 1.05 2.29 0.08 1.05 0.37   
Net change2 0.32 2.15 −1.76 −0.89 0.26   
Net persistence3 0.44 2.41 −22.00 −9.89 0.76   
1Summation of the main diagonal elements represents the overall persistence of land cover; 2Net change = 
Gain − Loss; 3Net persistence refers to net change to persistence ratio (i.e. net change/values along the main 
diagonal corresponding to each class). 
 
 
Figure 9. Agriculture penetrated into the very heart of the forested area (photo: by researcher). 
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landscape were mainly converted to agriculture and grazing land during the pe-
riod between 1976 and 2014 (Table 5). The largest portion of forest land was 
mainly converted into grazing land in the later period of the study. Forest, shrub 
and grazing lands were mainly converted to agriculture. At the same time, an 
equivalent area of grazing land was mutated to shrub and other land covers. The 
greatest net increase was attained by agriculture, primarily due to a huge conver-
sion from forest and shrub cover types (Table 5). 
As shown in Table 5, grazing land has a probability of 0.73 for remaining 
grassland and 0.46 of changing to agriculture in 2014. Likewise, each value indi-
cated in Table 5 along the main diagonal of the matrix represents proportions of 
each land use/land cover class that was static during the study period. The loss 
column and gain row indicated the proportion of landscape that experienced 
gross loss and gain in each class, respectively. It is the difference between the to-
tal and persistence. 
The net change-to-persistence ratio was large for shrub land (negative), agricul-
ture (positive), forest land (negative) and grazing land (positive) indicating the most 
dominant trends in the changing landscape (Table 5). The net change-to-persistence 
ratio is closer to zero for the wet land-use/cover class, indicating that it had a 
higher tendency to persist rather than decline or increase (Table 5). The natural 
vegetation cover types, forest and shrub lands, have experienced low persistence, 
whereas grazing and cultivated lands have shown more persistence than other 
cover types (Table 5). 
3.3. Causes of Land Use/Land Cover Change  
and Its Socio-Economic Implications 
To further understand the dynamics of land use/land cover change, possible 
major drivers and consequences of the changes on environment and so-
cio-economic conditions of the study community were explored using house-
hold heads and key informants. 
Accordingly, majority (79% - 99%) of respondent household heads agreed that 
human population growth, drought, over grazing, increase in number of cattle, 
charcoal production, settlement and agricultural land expansion and increased 
need for fire wood were the major causes of land use land cover change in the 
study district. It was compared the responses of male and female respondents to 
see the mean difference between them. The result revealed that there was no statis-
tically a significant difference between male and female household heads responses 
(Table 6). Therefore, it can be inferred that all these factors have contributed to 
observed land use/cover change at various degree in the study area. 
With the regard to the effects of land use and land cover change on the local 
environment and livelihoods of the community, almost the majority of the res-
pondents pointed out that there was a decline in agricultural productivity 
yield/productivity (79%), trends of livestock size overtime (84%) and stream 
flow or drying-up (85%); scarcity of construction materials (82%) and fuel wood 
(81%); increase of runoff (88%)and local climate change (79%) respectively, over  
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Scale of response Independent t test 
SD DA U A SA 
Sex N M SD t-value 
F % F % F % F % F % 
1. Human population growth 18 12.6 - - 3 2.1 72 50.3 27 18.9 
M 80 3.6875 1.0860 
−1.776 
F 40 3.8750 1.1022 
2. Drought - - - - 3 2.1 52 36.4 45 60.4 
  3.2750 1.1035 
−1.234 
  3.4100 1.0132 
3. Over grazing 10 7.0 7 4.9 7 4.9 60 42.0 36 25.2 
  3.7750 1.0185 
−1.7754 
  4.0750 1.3846 
4. Increase in number of cattle 4 2.8 6 4.2 8 5.6 66 46.2 36 25.2 
  3.6875 1.0860 
−1.667 
  4.1000 1.5980 
5. Char coal production 6 4.2 17 11.9 6 4.2 55 38.5 36 25.2 
  3.7750 0.92743 
−.555 
  3.9000 1.5325 
6. Settlement expansion 11 7.7 - - 14 9.8 59 41.3 36 25.2 
  3.7625 1.0218 
−2.053 
  4.2000 1.2444 
7. Agricultural land expansion 6 4.2 6 4.2 10 7.0 62 43.4 36 25.2 
  3.8875 0.85675 
−1.204 
  4.1250 1.2847 
8. Increased need for fire wood 10 7.0 4 2.8 8 5.6 62 43.4 36 25.2 
  3.8375 0.96053 
−1.096 
  4.0750 1.3846 
Table value of t-test = 1.98 at 0.05 significance level with 118 degree of freedom. 
 
Table 7. Respondents’ opinion results on the socio-economic effects of land use/land cover change. 
No. Item 
Scale of response Independent t test 
SD DA U A SA 
Sex N M SD t-value 
F % F % F % F % F % 
1 
Trend of yield/productivity 
decrease 
10 7.0 4 2.8 11 7.7 59 41.3 36 25.2 
M 80 3.800 0.97305 
−1.261 
F 40 4.075 1.3846 
2 
Trends of livestock size  
overtime decrease 
10 7.0 7 4.9 2 1.4 65 45.5 36 25.2 
  3.800 1.0113 
−1.593 
  4.150 1.3502 
3 
Scarcity of construction  
materials 
5 3.5 8 5.6 9 6.3 62 43.4 36 25.2 
  3.900 0.82062 
−1.021 
  4.100 1.3165 
4 
Stream flow decreased or 
dried-up 
9 6.3 7 4.9 2 1.4 66 46.2 36 25.2 
  3.887 0.85675 
−.913 
  4.075 1.3846 




6 Runoff increased 14 9.8 - - - - 68 47.6 38 26.6 
  3.825 1.0765 
−1.890 
  4.250 1.3155 
7 Local climate change 14 9.8 - - 11 7.7 69 48.3 26 18.2 
  3.675 1.0406 
−1.354 
  3.975 1.3298 
Table value of t-test = 1.98 at 0.05 significance level with 118 degree of freedom. 
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the past years (Table 7). The researcher compared the responses of male and 
female respondents to see the mean difference between them. The t-test value 
reveals that there is no significant difference between the male and female res-
pondents (Table 7). Therefore, from the above finding it can be inferred that 
land use/cover change has attributed to the degradation of environmental/natural 
resource and its impacts on the livelihoods of the community in the study area. 
3.4. Discussion 
Agarfa district, one of the most fertile districts in southwestern part of Bale zone, 
has experienced substantial and increasing rates of land-use/land cover changes 
during 38 years from 1976 to 2014. During the course of this period, an area of 
around 191 km2 of forest lands was converted to agricultural areas and human set-
tlements. These agricultural lands were prominently spread in the south-eastern 
and eastern parts of the district since the 1995. Shrub land losses were also ac-
counted in the course of overgrazing. Approximately 65 km2 of shrub lands were 
lost during the study period. There have been persistent changes, both spatially 
and temporally, resulting in 55% of the total area experiencing transitional 
changes among the land cover types. The poor vegetation cover observed in 2014 
compared to 1976 and 1995 indicates that most of the vegetation types have been 
suffering from the influence of anthropogenic activities. Grazing land cover in-
creased, particularly in the hills and steep slope escarpments, indicates a perva-
sive degradation of forest as the result of settlement encroachments. 
In the time spanning from1976 to1995, the overall net transition to less vege-
tation (i.e. grazing and cultivated land) covered about 847 km2, showing the im-
pact of climate change, drought and related causes. During this period, a rapid 
loss of forest land was mainly caused by the severe droughts in 1973/74 and 
1984/85 [22]. There was also a change in the land tenure system in 1975 follow-
ing down fall of Hailesillasie regime that encouraged crop production on either 
an individual basis or through the establishment of farmers’ cooperatives [23]. 
These events were important underlying causes of the land use/land cover 
changes in the study area. 
As a result of continued population growth in the area together with the in-
creased expansion of agricultural lands, more other land cover types were con-
verted to cropland in the second period (1995-2014) of land use/land cover alte-
rations. In this period, the net transition to less vegetation cover was 958 km2, 
indicating ever-increasing human pressure on natural resources. 
Alike other areas of East Africa [24], agricultural expansion has been one of 
the key driving forces behind the land use/land cover changes in the study area. 
Even though cultivation is seen by some as a better livelihood strategy [25] 
stemming from increasing population and changes in relative prices between 
input and output [26], it is viewed as an unsustainable option by others [27] in 
terms of natural resources degradation. From the result of socio-economic data 
analysis made it was found that land use/land cover change was mainly caused 
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due to significantly booming population growth, increased demand for agricul-
tural land and settlement expansion, heightened demand for fuel wood and char 
coal extraction, over grazing and to a lesser extent drought(mainly rainfall varia-
bility) (Figure 10(a) and Figure 10(b)). 
The fact that agriculture constituted the highest proportion of the landscape 
in this period is partly attributable to changes in the tenure system from being 
the land was owned by the land lord feudal before 1974 to land for tillers system 
in the Derg. However, according to the elder informants, owing to intact re-
source conservation culture of Arsi Oromo inhabitants in the area, deforestation 
was minimum during this period, and forest land was the second largest cover 
type. The population density in the district was also too low to impose a heavy 
pressure to alter the land use/land cover types. 
According to the informants and local administrators, increased agricultural 
expansion as the result of population booming and land tenure change (land- 
for-tillers) in the 70s took place. During the transition period from Derg to 
EPRDF in the 1990s, there was a high rate of deforestation on the natural forest. 
Increased land degradation following the extreme droughts of the 1973/74 and 
1984/85 has contributed a lot for the land use land cover changes in the study area. 
The informants stated that firewood extraction and timbering are the main 
causes of forest land cover reduction as a high surge of population are highly 
involved in charcoal and firewood sale in addition to crop production. The in-
formants also added that forest and shrub lands were highly exploited for the 
purposes of household energy consumption (like firewood and charcoal produc-
tion) and house construction. 
In general, people stated that the changes in land use/land cover mainly 
caused by high population pressure, extreme climate condition such as droughts 
and increasing numbers of dry years among other drivers, highly affected their 
livelihoods and have made tremendous change to land use land cover patterns 
over the last four decades. 
From the responses of the interviewees it was found that several socio-economic 
effects were emanated from changing land use/land cover in the study area. Among  
 
 
(a)                                                        (b) 
Figure 10. (a) Fuel wood on the market; (b) agriculture and settlement expansion into the forest. 
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others, declining productivity particularly on hilly areas owing to reduced soil 
fertility which was caused by severe soil erosion in the area (Figure 11(a) and 
Figure 11(b)). 
The other socio-economic impacts of the land use cover change were scarcity 
of fuel wood, construction materials and decline in livestock number which in 
turn has implication on household income. Increased run off is also the other 
effect of land use/cover change in the study area that causes the most serious 
type erosion (gully erosion) in the study area. 
4. Conclusions 
In this research an attempt was made to develop comprehensive LULC maps of 
Agarfa district for three distinct years spanning from 1976 to 2014 for the evalu-
ation of spatio-temporal changes. Satellite imageries from Landsat data proved 
to be adequate source for the analysis of large and fast changing in agro-rural 
setup of the Agarfa district, in particular, the natural environments, in general. 
Results have revealed that in the study area, the largest LULC was occupied by 
agriculture, which covers 45%, 50% and 59% of entire area in 1976, 1995 and 
2014, respectively. Its expansion to other land cover area was the main deriving 
factor for the LULC changes in the study area. At the end of this study period, 
other land cover types such as forest, shrub, wetlands and grazing areas occupied 
only 8%, 11%, 20% and 2% of entire study area, respectively. Even though many 
changes have observed among the LULCs in the year between 1976 and 2014, 
the highest rate of changes were seen in forest lands which was decreased by 65% 
and cultivated areas and grazing lands which were increased by 30% and 42%, in 
that order. Despite excessive climate changes, wetlands were changed very slowly 
that they decreased by 2% through the course of the study period. The increase 
of agriculture and grazing lands were mainly at the expense of other land uses 
and this is attributed to population growth in the last 38 years. 
Recommendation 
The general trend observed in the study area implies a loss of natural forest and 
shrub land cover and an increase in cultivated areas and grazing land cover. The  
 
 
(a)                                                         (b) 
Figure 11. (a) Photo by researcher: soil erosion and (b) gully development on the hilly area. 
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present tendency may lead to more land degradation if no assisted restoration is 
made. Continued land use/land cover change, coupled with an adverse effect of 
climate change, greatly affects people’s livelihoods and puts the natural resources 
under heavy pressure. Therefore, based on the research findings of this study, 
the following way forwards are suggested for decision makers in many levels and 
future research directions: 
• The provision of land use right to the landless group of community may en-
courage better management of natural resources. 
• Improvement of non-timber products like apiculture and eco-tourism would 
lessen the deforestation rate and rather promote the reforestation schemes 
that would in turn help the climate resilient economic development strategy. 
• Convincing communities to stop cultivating areas with steep slope would 
manage soil and water in the study area. 
• In order to mitigate overgrazing in the study area, better livestock manage-
ment system should be practiced. 
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